Background/Aim. Vancomycin-resistant Enterococci (VRE) is one of the most important hospital pathogens. The aim of the study was to evaluate VRE colonization in patients hospitalized at the Hematology Intensive Care Unit, as well as the associated risk factors. Methods. A prospective cohort study involved 70 patients hospitalized at the Intensive Care Unit (ICU), Clinic for Hematology, Clinical Center of Serbia, Belgrade, during 3 months. Baseline demographic data, data about antibiotic usage and other risk factors for VRE colonization during the present and previous hospitalizations (within 6 months) were recorded for each patient using the questionnaire. Feces or rectal swab was collected for culture from patients on admission and at discharge in case when VRE was not isolated on admission. Enterococci were isolated by standard microbiological methods. Isolate sensitivity was tested by disk-diffusion test using 30 g/mL (BBL) Vancomycin plates according to the Clinical and Laboratory Standards Institute (CLSI) standard. Results. Analysing results showed that 7% of the patients had been already colonized with VRE upon ICU admission. The rate of VRE colonization during present hospitalization was 41.5%. Univariate logistic regression demonstrated the statistically significant differences in diagnosis, length of present stay, use of aminoglycosides and piperacillin/tazobactam in present hospitalization, duration of use of carbapenem and piperacillin/tazobactam in present hospitalization between the VREcolonized and non-colonized patients. Acute myeloid leukemia (AML), use of carbapenem in previous hospitalization and duration of use of piperacillin/tazobactam in present hospitalization were independent risk factors for VRE-colonized patients according to multivariate logistic regression. Conclusion. VRE colonization rate was high among the patients admitted to hematology ICU. Rational use of antibiotics and active surveillance may be helpful preventive measures against the development of bacterial resistance to antimicrobial agents.
Introduction
Bacteria of Enterococcus genus are a significant cause of hospital-acquired infections (HAI), second among urinary tract infections (UTI) and third among bacteriemias. There are many different species of Enterococci. The most prevalent species culturated from humans are E. faecalis (the most common) and E. faecium. Enterococci have both an intrinsic (nature) and acquired resistance to antibiotics, making them important nosocomial pathogens. They are intrinsically resistant to penicillin (low level), all cephalosporins, aztreonam, macrolides, and low levels of clindamycin. This natural resistance is present in all members of species and is chromosomally mediated. Acquired resistance to antibiotics includes resistance to glycopeptides, lactamases fluoroquinolones, tetracycline, high aminoglycoside doses and glycopeptides (vancomycin), as a result of mutations in DNA or the acquisition of new gene(s). Glycopeptides (vancomycin) resistance has been seen in around 70-78% of the nosocomial E. faecium population [1] [2] [3] . The mechanism of vancomycin resistence is due to preventing the synthesis of peptidoglycan precursors of the bacterial cell wall by blocking two steps: the transglycosylation and the transpeptidation 3 . It is mediated by 5 genes referred to as vanA, which can induce high level resistance to both vancomycin and teicoplanin; vanB which is found intrinsically in non-pathogenic enterococcal species; vanC; vanD, and vanE. VanA is more widely distributed 4 . Vancomycin resistant Enterococcus spp. (VRE) was first isolated in England and France in 1986 and later on in other European and countries worldwide 5 . The proportion of enterococcal bacteremia attributable to VRE in the UK in 2007 was 8. [5] [6] [7] [8] [9] [10] [11] [12] .5% for all enterococci 6 . From 2005 to 2008, a significant decrease in vancomycin resistance was observed in France (from 2 to 0.6%), Greece (from 37 to 28%), Israel (from 46 to 20%) and Italy (from 19 to 6%). Ireland, Luxembourg and Greece in 2009 reported resistance proportions above 25%, while the majority of countries (18 of 26 countries) reported resistant proportions below 7%. Several countries reported it even below 1% (Bulgaria, Estonia, Finland, France, Norway and Sweden) 3 . During the past four years, a significant increase was observed only in Austria. In 2010, 28 EU countries reported 5,577 isolates of E. faecium, of which 7.4% were resistant to vancomycin. During the four past years, only Latvia reported an increased trend of these enterococci 7 . According to the USA National Nosocomial Infections Surveillance (NNIS), the percentage of enterococcal isolates resistant to vancomycin increased from 12% in the period 1998-2002 to 28.5% of all isolates in 2003 8 . VRE can cause different types of HAI, like urinary tract, surgical site, bacteriemia, meningitis, endocarditis, most commonly in immunocompromised patients. Enterococci are responsible for high morbidity and mortality rates in these patients 9 . Risk factors for VRE colonization and infections are the following: age, hepatic and renal dysfunction, hematological diseases, chronic diseases, application of the invasive diagnostic and therapeutic procedures, stay in intensive care unit (ICU), abdominal surgery, transplantation, prolonged hospitalization, and broad-spectrum antibiotic use 10, 11 . VRE may survive on dry surfaces several weeks (from 7 days to 4 months). Consequently, VRE is most commonly transmitted in hospitals from person to person by direct contact with personnel and patient's hands, either from feces, urine, or blood of a person carrying the organism. It can also be spread indirectly via hand contact with open wounds, or with contaminated environments (some parts of medical equipment and working surfaces contaminated by VRE) 12 . VRE colonization could persist for years. The colonized patients are significant reservoirs and sources of contamination of the environment. VRE is not transmitted through the air 13 .
Methods
This prospective cohort study involved 70 patients hospitalized at the Intensive Care Unit (ICU), Clinic for Hematology, Clinical Center of Serbia, Belgrade, in the period from September to December 2011. The coproculture or rectal swab was collected from all the patients on admission and before discharge.
All the patients were daily observed during their hospitalization by an epidemiologist. Clinical charts were systematically reviewed and, when necessary, the medical staff was interviewed. Baseline demographic data, data about antibiotic usage and other risk factors for VRE colonization during present and previous hospitalization were recorded for each patient using the questionnaire. The following characteristics related to the patients, and applied diagnostic and therapeutical procedures were recorded: age, sex, underlying disease, recent prior hospitalization (within 6 months) and recent antimicrobial use, operation, inserted central venous and urinary catheter, mechanical ventilation, antibiotic prophylaxis and therapy (type of antibiotics), and VRE isolated from coproculture on admission and the discharge. Surveillance for VRE infections was carried out during the course of this study.
VRE isolation and identification
Enterococci were isolated by standard microbiological methods. Enterococcal identification was based on cultural characteristics, Gram-stained specimens, mobility in 0.5% agar, capacity of pigment production and biochemical characteristics. Isolate sensitivity was tested by the disk-diffusion test using 30 g/mL (BBL) Vancomycin plates according to the Clinical and Laboratory Standards Institute (CLSI) standard. The plates were incubated 24 hours at 35°C. The increase in more than one colony or a part of colony was interpreted as resistance to vancomycin 14, 15 . E-test was not used in methodology given than only enterococcal isolates were recovered and identified from rectal swab or feces for the purpose of determination of the carrier state.
The descriptive and analytical methods were used for data processing:
2 test (for categorical data) or t-test (for continuous variables). The results were expressed as percentages or as mean ± standard deviations. To identify the risk factors of VRE colonization, the univariate logistic regression and multivariate logistic regression analyses were used. Statistical data processing was carried out by SPSS program (version 10).
Results

Study population and patients characteristics
The study included 70 patients hospitalized at the Clinic for Hematology, Clinical Center of Serbia during the study period. Out of all these patients, 5 (7%) were found to have been already colonized with VRE upon ICU admission. The VRE positive patients on admission had been hospitalized at the Clinic for Hematology within the previous six months. During that hospitalization they received antibiotic therapy.
Out of 65 VRE negative patients on admission, 27 (41.53%) were colonized with VRE strains during current hospitalization. The characteristics of these patients are presented in Table 1 . There were 38 (58.4%) males; the mean age of the subjects was 52.7 years (ranged from 23 to 80 years).
In our study groups of colonized and non-colonized patients, 18 (66.67%) and 15 (39.47%) had acute myeloid leukemia (AML), respectively. Univariate logistic regression found a significant difference (OR: 3.06; 95%CI: 1.09-8.60; p = 0.033) in frequency of this diagnosis between the two groups of subjects. Furthermore, there was a significant difference in length of present hospitalization between the group of colonized patients (median days 35 ± 10.23) and non-colonized patients (median days 24.4 ± 10.6) (OR: 1.11; 95%CI: 1.04-1.19; p = 0.002).
Univariate logistic regresion analysis failed to find any significant difference in other characteristics between the two study groups of patients: age, sex, prior hospitalizations, antibiotic use, insertion of the urinary and central venous catheter and infection.
Antibiotic use and duration of antibiotic use
During the present hospitalization, only 15.4% patients did not receive antibiotics; 43.1% received one or two antibiotics and 41.5% three or more antibiotics. Tables 2 and 3 summarize the antibiotic use and duration of antibiotic use among the patients with and without VRE colonization. According to univariate logistic regression, the risk factors that were significantly associated with VRE colonization included aminoglycoside use (OR: 3.88; 95%CI: 1.14-13.1; p = 0.030) and piperacillin/tazobactam use (OR: 4.68; 95%CI: 1.57-13.9; p = 0.005) during present hospitalization ( Table   Table 1 Characteristics of the VRE negative patients* on admission and during hospitalization (Table 3) .
Univariate logistic regresion analysis failed to show any significant difference in the frequency of use of other antibiotics (cephalosporins, quinolones, glycopeptides, antianaerobic drugs and cotrimoxazole) and the duration of antibiotic therapy between the two studied groups of patients. Multivariate logistic regresion analysis included all the values of p < 0.1 (diagnosis, number of hospital days in present hospitalization, carbapenem use in earlier and present hospitalization, use of aminoglycosides and piperacillin/tazobactam use in present hospitalization, duration of carbapenem use in previous and present hospitalization as well as length of piperacillin/tazobactam use in present hospitalization).
The results of multivariate analysis demonstrated that the diagnosis of the disease (AML), carbapenem use in earlier hospitalization and length of piperacillin/tazobactam use in present hospitalization were independent risk factors of colonization of patients with VRE (Table 4) .
Infections and pathogens
Data processing did not reveal any significant difference in the incidence of all HAI (p > 0.05), as well as certain HAI (urinary tract infections, bloodstream infections and pneumonia) between the two study groups of patients (Table  5 ). In the VRE-colonized patients, vancomycin resistant Enteroccus spp was a cause of urinary tract infections in 4 patients, while VRE was not isolated as the cause of infection in the non-colonized patients (Table 6 ).
Discussion
The patients affected by malignant hemopathies are often rehospitalized and, therefore possibilly colonized by hospital pathogens including VRE. Immunosuppressed patients appear to be at special risk for VRE colonization and severe VRE infections. VRE are a particular problem in the intensive care units of large hospitals where they usually occur. Our study was designed to evaluate the colonization rate during hospitalization at the Hematology ICU, colonization rate on admission, and risk factors of colonization. The re- sults of this study showed that 7% of the patients were VRE positive on admission (VRE isolated from feces culture or rectal swab). The colonization rate during ICU hospitalization was 41.5%. A relatively small number of articles described VRE colonization in hematological patients 10, [16] [17] [18] [19] . However, Enteroccoci have recently emerged as nosocomial agents, especially in patients with hematooncological diseases. The studies from France and the Netherlands showed that 37%, and 49% of hematological patients were colonized by VRE, respectively 16, 17 . Contrary to these results, VRE colonization in the USA immunocompromised patients was reported in considerably lower percentage. It was noted that out of 2,115 hematological patients, 4.7% patients had verified rectal VRE colonization. Among all colonized patients, 5.4% were patients with leukemia, 4.9% with hematopoietic stem cell transplantation recipients, and 2.2% with lymphoma 20 . In other study which was carried out on the hematologyoncology unit, 7.7% of patients, predominantly with hematologic malignancies, were colonized or infected with VRE during the study period 21 . A much higher rate of VRE colonization in our study (41.5%) is probably the result of the lack of contact isolation measures and the increased use of antibiotics. This is supported by the fact that only 15% of patients did not receive antibiotics during present hospitalization.
Many years ago, it was demonstrated that 5-50% of all antibiotic prescriptions are considered inappropriate which can cause the emergence and dissemination of resistant organisms. However, there is not standard treatment protocol for antibiotic prescription in our country. Beside that, the antibiotics were until recently available over-the-counter in the pharmacies. Antibiotic prescription is frequently done without antibiograms or even without bacteriology isolation of pathogens. All of the above mentioned can lead to high rates of bacterial resistance to antibiotics. It is important to emphasize that there is an increasing trend of vancomycin resistance in our country 22 . Our study failed to find any association of sex and the age and development of VRE fecal colonization at discharge. Our findings are consistent with the results of similar studies conducted in Korea 23 . On the contrary, a study carried out at the Thessaloniki University Clinic confirmed that VRE colonization was significantly more frequent in patients older than 60 years of age 24 . Analysis of our results showed that VRE colonization was significantly more frequent in patients with AML. Multivariate regression analysis demonstrated that AML was an independent risk factor for VRE colonization. Similar results were found in other studies as well 21 . It can be explained by the long length of hospitalization. Namely, duration of hospital stay of our patients with AML ranged from 28 to 40 days, in distinction from the patients with acute lymphocytic leukemia (ALL), non-Hodgkin lymphoma (NHL) and chronic lymphocytic leukemia (HLL) who were hospitalized during significantly shorter period. From the aspect of a clinician this may be explained by the length of therapy protocol application. Besides other risk factors, the length of hospital stay is considered as one of most important risk factor 10, 11, 24 . Accordingly, AML patients are at higher risk of colonization than patients with shorter hospitalization. The results of this study are only the introduction to more comprehensive and detailed analysis of the problem not only in hematological, but also in other immunocompromised patients.
Our study failed to find any significant difference in previous hospitalization between the two studied groups of patients, contrary to the results of other studies 20, 25 . However, mean length of present hospitalization in VREcolonized patients was significantly longer in relation to noncolonized patients, ie 35 vs 24 days.
The results of several studies showed that the use of glycopeptides, second and third generation cephalosporins and antianaerobic antibiotics are associated with the patients colonized with VRE 25, 26 . Only few studies analyzed the association of quinolone use and VRE colonization. Our study failed to establish any significant difference in the use and length of use of antibiotics from the group of quinolones (ciprofloxacin) between the two groups of subjects what is compatible with the findings obtained in other studies 25 . Several studies on the effect of carbapenem as the risk factor for VRE colonization did not show any significant difference in the use of these antibiotics between VREcolonized and non-colonized patients 20, 26 . However, in other studies prior carbapenem use was a significant risk factor for VRE colonization 24, 25 . Our study showed that there was a difference in the duration of the use of antibiotics from carbapenem group (imipenem and meropenem) between two groups of subjects in repeated hospitalization. Mean duration of carbapenem use in the VRE-colonized and in noncolonized patients in the repeated hospitalization was 5 and 2.47 days, respectively. Moreover, carbapenem use in previous hospitalization was an independent risk factor of VRE colonization.
Vancomycin is a glycopeptide antibiotic that is used to treat infections caused by Gram-positive bacteria. For many years, it has traditionally been reserved as a drug of "last resort", used to treat severe infections for which other antibiotics had failed. Vancomycin use has increased linearly in the last decades, especially for infections related to the presence of indwelling vascular catheter which is the case with hematology-oncology patients. Vancomycin is not recommended for regular antibioprophylaxis in surgery. However, a growing number of infections caused by Staphylococcus aureus resistant to meticillin has led to the widespread use of vancomycin in hospitals. The results of studies on association of vancomycin use and VRE colonization and infection have been controversial. A meta-analysis of 20 studies showed that the use of vancomycin increased the risk of VRE colonization by 4.5 times 27 . Using the multivariate analysis, Ostrowsky et al. 28 , in contrast, demonstrated that there was no association between the vancomycin use and VRE colonization. In addition, the results of recent systematic review did not determine a potential role for vancomycin usage reduction in controlling VRE colonization 29 . Our study did not find any significant difference in the frequency of vancomycin use and length of its use between the two groups of patients.
Analysing a study on the effect of use of antibiotics from the group of aminoglycosides failed to find any significant difference in the frequency of use of these antibiotics between VRE-colonized and non-colonized patients 17 . On the contrary, our results showed a significant difference in the use of aminoglycoside antibiotics between the two groups of subjects during repeated hospitalization. In the VRE-colonized group, 37% of the patients were administered aminoglycoside antibiotics while in the non-colonized group 13% of the patients received these antibiotics.
Analysing of our data showed that the VRE-colonized patients received piperacillin/tazobactam in a significantly higher percentage (55%) then non-colonized patients (21%). An average length of piperacillin/tazobactam use in the VREcolonized and non-colonized patients during the present hospitalization was 3.22 and 0.87 days, respectively. Moreover, the use of this antibiotic in present hospitalization was an independent risk factor of VRE colonization. The incidence of VRE was positively correlated with the use of piperacillin/tazobactam or beta-lactam agents in other studies as well 30 .
As the part of normal fecal flora, Enteroccoci were not traditionally considered as important nosocomial pathogens. But, they have emerged as increasingly important pathogens with increased resistance to antibiotics. VRE become one of the leading causes of HAI, especially of urinary tract and bloodstream infections. VRE commonly colonise, but less frequently cause the infections. However, colonization precedes most infections. In our study, VRE was a cause of UTI in the colonized patients but not in the non-colonized patients. VRE infections are not more virulent than other enteroccocal infections. But, VRE infections are very problematic for treatment. Enterococci are the most frequent cause of UTI. During one year of surveillance, organized by the National Healthcare Safety Network in the USA there was found that Enteroccocus spp was third the most frequent pathogen of HAI participated with 12% in the overall number of pathogenic isolates. Regarding rank-order distribution, it was at second position for bloodstream infections and at third position for UTI. E. faecium and E. faecalis showed a high proportion of vancomycin resitance: 98.4-99.5% and 91.9-98.4%, respectively 31 .
Conclusion
VRE colonization rate was high among patients admitted to hematology ICU. Rational use of antibiotics and active surveillance may be helpful preventive measures against the development of bacterial resistance to antimicrobial agents.
